Abstract
INTRODUCTION
Presacral venous plexus injury during the mobilization of the rectum is one of the most frequent intraoperative complications during rectal cancer surgery [1] .
With an incidence that ranges from 0.25% to 8.6% [2, 3] , it can cause rapid hemodynamic instability in the patient and can even be lethal [4] . The presacral venous plexus cannot be visualized by the surgeon, and injury to the presacral fascia or avulsion of the rectosacral fascia from its insertion into the sacral periosteum can injure the presacral and basivertebral veins, causing bleeding that is difficult to manage with conventional hemostatic maneuvers. Accordingly, a series of techniques that offer alternatives to traditional hemostatic methods for the treatment of presacral venous bleeding have been described. This review aimed to analyze the anatomy of the sacral venous plexus (SVP), the factors influencing the incidence of presacral venous plexus injury, and the flow of bleeding in an effort to classify the available treatment techniques and make surgeons aware of possible strategies for the management of this complication.
MaTeRIaLs aND MeThODs
The databases MEDLINE ® , PubMed ® , and Embase™ were searched for manuscripts published between January 1960 and June 2016 using the following keywords: presacral bleeding, presacral hemorrhage, pelvic surgery, rectal surgery, presacral venous plexus, presacral anatomy, and pelvic packing. The reference lists from the articles were reviewed to identify additional pertinent articles. This review includes 58 articles on the anatomical vascular data of the SVP, the essential factors that influence the flow of bleeding after venous injury, the causes and types of injury, the incidence of presacral bleeding, and treatments applied to control this bleeding in rectal cancer surgery. Due to the limited number of cases reported in most publications and the variety of procedures used to control this complication, conventional systematic review and meta-analysis could not be performed.
ResULTs

Anatomical considerations
The vascular anatomy of the SVP is complex and includes a wide and intricate network of veins primarily formed by the anastomosis between the medial and lateral sacral veins. The medial sacral vein usually drains into the left common iliac vein, whereas the lateral veins drain into the internal iliac vein. The SVP receives contributions from the lumbar veins of the posterior abdominal wall and the basivertebral veins that pass through the sacral foramen. Morphological studies of human sacral bones show that 100% of the specimens feature foramina that communicate with the anterior sacral face and the cancellous bone of the vertebral bodies. Between 16% and 22% of these foramina are 2 to 5 mm in diameter, are located on the anterior face of S4-S5, and are penetrated by the basivertebral veins originating in the cancellous bone, which measures between 0.7 mm and 1.5 mm in this region [4, 5] ( Figure 1 ). The small basivertebral veins, which are very thin, allow the bidirectional passage of blood because they lack valves; these veins flow in long, tortuous channels through the spongy tissue of the vertebral bodies. The lateral sacral veins, the medial sacral vein, and the basivertebral veins constitute a wide network of anastomoses that form the venous plexus on the anterior sacral surface [4, 6] (Figure 2 ). The medial sacral vein can be located to the left or the right of the midline and is duplicated in 80% of cases [7] . The vascular anastomoses between the medial sacral vein and the lateral veins are often less than 3 cm from the sacral promontory; specifically, this distance is 2 cm in 90% of cases, and the anastomosis is located at the level of the 3 rd and 4 th sacral foramen in 70% of cases [6, 7] . The retrosacral fascia, also called Waldeyer's fascia, has been described as a sheet of connective tissue that extends from the periosteum of the sacrum to the posterior wall of the rectum approximately 3-4 cm above the anorectal junction. Anatomical and radiological studies have revealed that although its insertion into the sacrum can occur between the 1 st coccygeal vertebra and S2, it is located at the level of S3 and S4 in 84%-94% of cases [8] [9] [10] [11] , just where the foramen that give rise to the basivertebral veins are thickest.
Hydrodynamic studies
The essential factors that influence the flow of blood from an injured vein are the size of the vein and the intravenous pressure at the broken point of the vein. Hydrostatic pressure in the SVP depends on the following: the pressure of the inferior vena cava, the distance from S4-S5 to the coronal axis of the inferior vena cava traced from the renal veins to the iliac bifurcation, and the elevated pressure on the inferior vena cava due to the lithotomy position. Experimental studies and the application of general hydrodynamic principles suggest that the hydrostatic pressure in the sacral plexus in the lithotomy position is approximately twice the venous pressure of the inferior vena cava in the supine decubitus position, and injury to a vein with diameter between 0.5 mm and 4 mm can cause blood flow of 32 mL/min to 1994 mL/min [4, 5] .
Causes types of injury
Although the height of the tumor in the rectum, the infiltration of the presacral fascia by the tumor, the use of adjuvant radiotherapy, prior rectal surgery, and poor visualization of the surgical field have been described as risk factors that influence the incidence of presacral bleeding during rectal resection, the most common cause is the anatomical relationship of the anorectal fascia. The fascia and its surrounding tissues, including the presacral veins, can be lacerated by the surgeon due to inadequate dissection of the posterior wall of the rectum in the sacral concavity. This maneuver can be caused instrumentally and, more frequently, by blunt dissection by the fingers of the surgeon. The average distance between the ventral surface of the sacrum and the mesorectum is 12 mm or 13 mm as measured by magnetic resonance (MR) and computed tomography (CT), respectively [12] . Laceration of the presacral fascia due to dissection of the sacrum very close to the surface and lifting of this fascia with or without the periosteum are other common causes of presacral bleeding [3, 4, [13] [14] [15] . Wang et al [4] describe 3 types of venous injury and direct implications for their handling: injury to the presacral veins (type Ⅰ), injury to the presacral veins and/or basivertebral veins of diameter < 2 mm (type Ⅱ), and injury to the presacral veins and/or basivertebral veins of diameter > 2 mm (type Ⅲ).
Surgical management
In addition to the application of temporary direct pressure on the bleeding area as the first maneuver, various methods have been employed to treat this complication. Ligature of the internal iliac artery is not effective and can cause gluteal and vesical necrosis [16] , and ligation of the internal iliac vein makes venous drainage of its tributaries difficult, increases pressure on the sacral plexus, and exacerbates bleeding [4, [16] [17] [18] . Similarly, Celentano et al [19] we propose a classification of techniques (Table 1) and an algorithm for the management of sacral venous bleeding ( Figure 3 ).
Pelvic plugging
Traditional plugging with compresses has been demonstrated to be effective [20] , and surgeons should be familiar with this procedure because it may be the only successful mechanism to control potentially fatal bleeding [21] . After abdominoperineal resection, plugging can be performed through the abdomen following closure of the perineum or entirely via the perineum. In this case, explantation will require one or more additional laparotomies, and if the perineal route is used, re-bleeding after the explantation will complicate hemostatic maneuvers. The risk of re-bleeding, the increase in infection, the predisposition to dehiscence if the plug is placed adjacent to an anastomosis, and longer hospital admission are the main disadvantages of this procedure [2, 14, 20, [22] [23] [24] . Alternatives to classic plugging that attempt to avoid re-intervention have been described, such as the use of an expandable pelvic prosthesis [25] or the use of the Sengstaken-Blakemore probe [26] . Holman et al [27] developed a model hemostatic balloon using MR images of the pelvis. After testing in cadavers, the balloons were used to treat 9 patients with presacral venous bleeding and produced good results in 89% of patients. Ng et al [28] describe an alternative to classic plugging after abdominoperineal resection using an empty IV bag filled with 850 mL of saline inserted through the perineum. The advantages of this technique include its adaptability to the sacral concavity and the ease of modifying the hemostatic pressure by infusing or withdrawing fluid through the infusion port. Moreover, the bag can be withdrawn through the perineal wound without requiring additional surgery.
After failed attempts at hemostasis with classic plugging and metal implants, some authors [29] successfully used plugging, applying traction with a breast implant that was inflated with 520 mL of saline solution placed in the presacral space and maintaining pressure on the SVP using the traction of the implant, which was connected to a 1-L bag of saline suspended at the end of the bed. Remzi et al [30] recommend plugging with a free graft of the rectus abdominis muscle measuring 4 cm × 2 cm × 1 cm sutured to the presacral tissue over the area of bleeding. The absence of necrosis and lack of abscesses with this technique are attributed to the hypervascularization of the presacral area and the revascularization of the graft. Civelek et al [31] applied bone wax (Bonewax ® ) directly to the presacral fascia and the periosteum and simultaneously used pelvic plugging. After the failure of classic pelvic plugging and metal implants, Becker et al [32] recommend plugging the bleeding area directly with bone cement (polymethyl methacrylate). Moreover, the Bakri balloon, created specifically to be introduced into the uterine cavity to control bleeding [33] , has been successfully used in 2 patients for the treatment of presacral bleeding after colorectal surgery [34] .
Metal implants
Wang et al [4] first used pins in 1985 to control presacral bleeding. Since then, their implementation has been the subject of multiple communications, most of which reported good results [35] [36] [37] [38] [39] [40] . However, pin placement can be technically difficult [22, 37] , especially in narrow pelvises [41] , when the contour of the sacrum is not sufficiently smooth and regular or when osteoporotic disease is present in the bone [29, 42] . Failure of the technique [14, 32, 41, 43] , development of a presacral hematoma, chronic pelvic pain, release, migration, and perianal extrusion of the implant [42] , and the need for equipment that is not always routinely available in surgery [14, 24] are complications and inconveniences associated with the implementation of this procedure.
Its ineffectiveness for diffuse bleeding [44] has led to the development of other alternatives. Some authors [13, 45] use the ProTack™ device to fix hemostatic sponges (Surgicel ® ) to the sacrum using helical titanium tacks. Wang et al [43] used saw-tooth staples of different sizes that fit into the gap between the staple and the sacrum, along with a spongy bone graft and a plate of Surgicel ® . Jivapaisarnpong [46] reported the cessation of bleeding using vascular clips (Ligaclips ® ) in 3 patients in whom several other techniques, such as electrocauterization, coagulation with argon, indirect coagulation, and pelvic plugging, had failed.
Topical hemostatic agents
Topical hemostatic agents have been widely used, especially in cases of diffuse bleeding or when other methods have failed. For example, cyanoacrylate is a monomer that is purified by removing toxic products during its synthesis. Its contact with anionic substances such as blood causes it to polymerize into long chains that form a solid layer, resulting in hemostasis [47] . Losanoff et al [48] achieved hemostasis in 3 patients by evenly applying cyanoacrylate glue to the surface of a gelatin sponge measuring 3 cm × 2 cm; the sponge was then compressed for several minutes to ensure adequate contact with the presacral fascia and polymerization of the adhesive. Chen et al [49] used a combination of oxidized cellulose and cyanoacrylate. Specifically, they placed 2 to 5 pieces of 2 cm × 2 cm oxidized cellulose in a Kelly clamp and applied pressure to the injury for a few minutes. They then evenly applied 1 ml of cyanoacrylate to the cellulose surface and to the tissue surrounding the pieces of oxidized cellulose. Zhang et al [50] reported the control of bleeding in 5 patients by the application of pressure to the bleeding area with absorbable hemostatic gauze for 20-30 min. This gauze was similar to collagen and was created from cellulose that had been chemically treated and combined with alpha-cyanoacrylate as an adhesive. Karaman et al [51] achieved excellent results with the use of topical Ankaferd Blood Stopper ® (ABS).
ABS exhibits antihemorrhagic properties and is an extract of 5 medicinal plants that exert antithrombotic, antiplatelet, antioxidant, antiatherosclerotic, and antitumoral activities. Germanos et al [14] suggest that after several techniques have been tried and failed, presacral bleeding should be treated with direct hemostatic agents. Specifically, they used a gel formed by combining gelatin and thrombin (Floseal ® ) granules and an absorbable hemostatic agent, Surgicel ® , prepared by the controlled oxidation of regenerated cellulose.
Direct suture
Some authors [14] report that clotting and direct suture are ineffective and should be avoided because they can exacerbate bleeding and cause significant blood loss [14] . Alternatively, Papalambros et al [52] report the potential benefits of temporarily clamping the infrarenal aorta, which hypothetically decreases blood flow in the vena cava and its tributaries and should reduce the hydrostatic pressure in the sacral plexus and bleeding. This approach would allow the identification of the point of bleeding and its suture. This procedure could be effective for treatment of type Ⅰ injuries described by Wang et al [4] , which are easiest to treat and can be addressed with less bloody methods. However, in the opinion of other authors [23] , this approach would be difficult to apply successfully to injuries of the basivertebral veins after retraction in the sacral periosteum. Ligature and circular suturing were described by Jiang et al [53] in 2013 as a method to control presacral venous bleeding. Once the bleeding points have been identified, the venous plexus is ligated and circularly sutured with 4/0 silk. The suture includes the presacral fascia, the presacral veins, and the deep connective tissue. Bleeding that continues after the first suture suggests that the blood originates from the communicating veins or the basivertebral veins, which necessitates a second or even a third suture. However, if bleeding originates from veins retracted in the bone, Jiang et al [53] recommend the implementation of a combination of techniques as more efficient than the use of a single method for the control of bleeding in this situation.
Direct or indirect electrocoagulation
Filippakis et al [54] controlled bleeding in 4 patients using electrocauterization in the spraying position at the bleeding points of the presacral fascia. Furthermore, Li et al [55] proposed direct bipolar coagulation as a simple and effective method for the management of presacral venous bleeding after demonstrating the cessation of this type of bleeding in 7 patients. Kandeel et al [56] and Saurabh et al [57] reported 1 and 2 patients, respectively, in whom bleeding was controlled using argon coagulation. Indirect monopolar electrocoagulation has been successfully used on a portion of an epiploic appendix by maintaining pressure on the bleeding area with a dissection clip [2, 3] . Moreover, indirect electrocoagulation through a fragment of the anterior rectus abdominis muscle was described by Xu et al [58] and applied with success in 11 patients. The technique involves resecting a fragment of the anterior rectus abdominis muscle approximately 2 cm × 2 cm, placing it in a long dissection clip, applying pressure to the area of bleeding, and applying a monopolar current to induce clotting. Muscle is a soft tissue that contains approximately 75% water and is easily moldable to the bone surface. Water is an excellent conductor of energy due to the solutes dissolved in it. Thus, the implementation of electrocoagulation in muscle results in surgical smoke when the muscle is heated, and the cellular fluid is vaporized by the thermal action of the energy source. The temperature of the muscle gradually increases and reaches the boiling point after 90-120 s of application of monopolar current at maximum power. This temperature is the optimal coagulation point and ensures that the muscle adheres to the bone surface [23, 58] . This method has been validated and used by other authors [22] [23] [24] with satisfactory results, in some cases after the failure of other alternatives. Specifically, it is a rapid, easily executed, and effective method that is usually free of intra-or post-operative complications and that can be used at several bleeding points. Furthermore, if the muscle does not adhere to the bone, the technique does not fail.
CONCLUsION
Sacral foramina that connect the internal venous plexus with the presacral venous plexus via the basivertebral veins are found at the levels of all vertebral bodies, and foramina of greater caliber are located at the level of S4-S5. Therefore, injury at that level presumably causes bleeding with greater flow that is difficult to control. The treatment algorithm we propose is based on the analysis of more than 50 articles presented in this review. This information can help the surgeon understand the physiopathology of and treatment strategies for presacral venous bleeding. In our opinion and based on our experience with the occurrence of presacral bleeding during rectal surgery, indirect coagulation through the interposition of a fragment of the anterior rectus abdominis muscle is a very effective method when it is possible to identify the site of bleeding [23] . Other methods that have also proven effective are the use of topical hemostatic agents and the use of pins.
COMMeNTs
Background
Presacral venous bleeding is a rare but potentially lethal complication of surgery for rectal cancer. Incorrect mobilization of the rectum that injures the presacral fascia or de-insertion of the anorectal fascia can cause bleeding in the sacral venous plexus. This bleeding can be very difficult to control at the level of the last sacral vertebrae due to injury to the large basivertebral veins.
Research frontiers
The present study aims to help surgeons understand the vascular anatomy of the presacral plexus, the pathophysiology of presacral bleeding, the factors influencing the flow of venous injury, the causes and types of damage, the incidence of presacral bleeding and the surgical strategies for treatment.
Innovations and breakthroughs
Due to the lack of cases published in the literature, there is no consensus on which is the best technique to use if there is presacral bleeding during mobilization in surgery for rectal cancer. This review may provide a tool to help surgeons make decisions regarding how to resolve this serious complication.
Applications
This review aims to provide a set of resources to resolve presacral bleeding.
Peer-review
This review will be helping surgeons understand the physiopathology of presacral bleeding and the surgical strategies for its treatment. It is really helpful.
